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0 Continuous flow peritoneal dialysis process and system. 



© A continuous flow peritoneal dialysis system and 
process is disclosed which includes a source of 
sterilized peritoneal dialysis system in the form of a 
gravity feed head vessel (32). A bypass valve (34) 
connects the head vessel to an inflow/outflow direc- 
tional valve 40 which controls the inflow and outflow 
of the sterilized dialysis fluid to a peritoneal catheter 
(12). The peritoneal catheter is implanted Into the 
peritoneal membrane (14) of the peritoneal cavity 
(15). A connectable/disconnectable inflow line (42) 
and outflow line (48) are connected to an inflow 
catheter (44) and an outflow catheter (46). respec- 
tively, of the double peritoneal catheter (12). A pres- 
sure monitor (50) in the outflow line (48) monitors 
tiie pressure within the cavity (15) and adjusts the 
inflow and outflow accordingly to maintain a pre- 
^ determined volume and pressure of dialysis fluid in 
^tiie cavity to maintain tiie membrane (14) property 
l^distended at all times for maximum dialysis effi- 
i^ctency and patient comfort Secondarily, an outflow 
ID monitor (54) monitors the outflow and if need be. 
^increases or decreases the inflow to the directional 
^ valve (40) by controlling a bypass valve 34. Control 
Mof the tevel of dialysis fluid in the head vessel (32) is 
Q maintained by a level monitor (38) whic^ also can 
operate the bypass valve (34) to bypass fluid to a 
B|drain tank (36). Sterile dialysis flidd flows through the 
cavity (15) in an open single-pass circuit and flows 
into the disposal and drain tank (36) upon passing 



tiirough the cavity. 

Another embodiment controls solely on 
of volume rather than on the combined 
pressure and volume. 
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CONTTNUOUS FLOW PERITONEAL DIALYSIS PROCESS AND SYSTEM 



The invention relates to a continuous flow pen- 
tonea! dialysis process and system for purifying the 
blood by continuous fk>w of a dlalysate and ex- 
change across the peritoneal membrane. 

Heretofore, artificial kidney users have relied 
basically on two processes for purifying the blood. 
Hemodiafysis involves the circulation of blood 
through a dialysis machine in which an exchange 
of toxic metabofites takes place across an artificial 
membrane outside of the pafienf s body. This pro- 
cess requires the assistance of trained personnel 
and subjects the patient to dangers of mechanical 
malfunction due to the fact that blood vessels are 
involved. 

Peritoneal dialysis involves the infusion of a 
sterile dlalysate Into the peritoneal cavity and after 
absorbing waste metatx^fites. the diaiysate is dis- 
canted. The process is then repeated until the level 
of metabolytes is reduced to a desired level. This 
metfiod is commonly referred to as the "Batch" 
method due to the fact that multiple one or two Pitre 
bottles or bags of fresh diaiysate solution are uti- 
lized which require multiple connections to be 
made to a catheter trtserted In the peritoneal cavity 
during the dialysis process. The multiple connec- 
tions made during the course of the dialysis has 
been thought to be a ms^jor cause of tiie high 
instance of peritonitis. 

Continuous amtxilatory peritoneal dialysis of- 
fers continuous peritoneal dialysis while still a]k>w* 
ing the patient some off time. However, the con- 
tinuous ambulatory peritoneal dialysis must be 
done in the absence of a machine and multiple 
botties or bags of dialysis must be infused daily- 
Thus, multiple infuaons er day requires that mul- 
tiple connections of bags or botties to tiie perito- 
neal catiieter be made. The production of bulk 
sterile dialysis for the peritoneal process has not 
been shown to be practical for large scale applica- 
tion particulariy for home dialysis. 

United States Patent US-A-4 311 587 seeks to 
avoid some of the above problems witii peritoneal 
dialysis by providing a sut)-micron filter on line witti 
the fresh diaiysate to prevent peritoneal contamina- 
tion. The system Is perambulatory and the bag of 
diaiysate is worn by the patient The bag may be 
pressurized by numerous methods and is con- 
nected only to the inflow side of the fitter. The 
outflow part of the filter is connected on the other 
side of the filter so that no peritoneal contaminating 
source Is connected directiy to the peritoneal cav- 
ity. The system is still bascally a batch type sys- 



tem in tfiat multiple botties or bags of diaiysate 
must be connected to the filter even though direct 
connection to the peritoneal catiieter is not re- 
quired. 

5 United States Patent U&-A-4 338 190 discloses 

a system and process which attempts to avoid the 
batch process method utilized heretofore in perito- 
neal diaiysts wherein a closed loop peritoneal cir- 
cuit is provided having a selective membrane 

70 across which toxic metatxslites are exchanged. A 
solution is pas^ on the other side of the selective 
membrane tor maintaining the original concentra- 
tion of sugar and salt in the peritoneal fluid as ttie 
toxic metabolites pass the separator membrane. A 

75 double peritoneal catiieter provides for the inflow 
and outflow of tiie peritoneal fluid. However, ttie 
peritoneal fluid is constantiy redrculated through 
the peritoneal cavity and the efficiency becomes 
reduced slightiy because of residual toxins which 

20 are put back into the peritoneal cavity. The selec- 
tive membrane is an expensive disposable item 
which means that ttie cost of operating tiie system 
is high unless the membrane is recleaned. Pump- 
ing the peritoneal fluid ttirough the peritoneal cavity 

25 is required making it difficult to ensure that the 
patient stays properly distended during tiie dialysis 
process. If tiie peritoneal membrane Is not fully 
distended, it becomes convoluted around the intes- 
tines and pockets are formed where the peritoneal 

30 fluid can hide. Incomplete circulation then results 
with decreased efficiency of dialysis. There is no 
control over the level of the peritoneal fluid in tiie 
peritoneal circuit and no way of replenishing the 
peritoneal fluid should the circuit run low on fluid or 

35 run dry. 

According to one aspect of the invention tiiere 
is provided a continuous fk>w peritoneal dialysis 
process comprising: 

providing a source of sterilized dialysis fluid; 
40 providing an inflow line for connection to a cativ 
ether for implantation into the peritoneal cavity of a 
patient; 

providing an outfkyw line for connection to tiie 
catiieter; and 

45 dePivering a flow of stenTtzed dialysis fluid from ttie 
source to ttie infkjw One; 

characterised t>y monitoring a function of the vol- 
ume of the said sterile dialysis fluid in tiie perito* 
neal cavity and controlling the inflow and outflow of 
50 the sterilized dialysis fluid so tiiat a desired volume 
exists in the cavity in a manner such that a proper 
amount of fluid is maintained during dialysis; and 
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delivering the outflow of steriGzed dialysis fluid to a 
disposal means so that a sngle flow of dialysis 
fluid is provided through the peritoneal cavity of the 
patient 

According to another aspect of the invention 

• ttiere Is provided a continuous flow peritoneal dia- 
lysis system comprising: 

a source of sterile dialysis fluid; 
an inflow line for connection to the source and to a 
peritoneal cattieter Implanted in the peritoneal cav- 
ity of a patient; and 

an outflow line for connection to the peritoneal 
catheter; 

diaracterised by valve means for controlling the 
flow of dialysis fluid in the inflow and outflow lines 
thereby to control the volume of dialysis fluid In the 
peritoneal cavity; 

disposal means connected to the outflow line for 
disposing of the outflow- of dialysis fluid and es- 
tabilshign a single-pass open circuit through the 
peritoneal cavity for dialysis: 
flow monitoring means for sensing a function of the 
volume and amount of dialysis fluid in the perito- 
neal cavity; and 

control means controlling the valve means in re- 
sponse to the flow monitoring means so that flow of 
the dialysis fluid through the peritoneal cavity is 
controlled in a manner that a desired amount of 
fluid exists In the peritoneal cavity for proper dia- 
lysis. 

Such a peritoneal dialysis process and system 
can avoid the inherent problems and dangers of a 
batch type peritoneal dialysis system and can have 
a high rate of dialysate exchange providing In- 
• creased dialysis efficiency. 

The peritoneal dialysis process and system 
can have a high rate of dialysate exchange and 
dialysis efficiency in which the danger of peritoneal 
Infection is minimized. 

The process and system can be a continuous- 
flow single-pass peritoneal dialysis process and 
system in which the pressure and volunDO of dia- 
lysate in the patient's peritoneal membrane Is mon- 
itored to provide for proper distention of the mem- 
brane at all times. 

The atx>ve objectives are accomplished ac- 
cording to the present invention by a system and 

* process of (peritoneal dialysis in which a continuous 
flow of sterile dialysis fluid is produced and caused 

b to flow through the peritoneal cavity of the patient 

in a single-pass open-circuit. The exchange of toxic 
metabolitBs occurs across the patlenf s peritoneal 
membrane and the residual dialysis solution is 
drained away after leaving the patienf s cavity. A 
gravity fed system is utilized avoiding the pumping 
of the fluid through the cavity. A by-pass valve is 
utilized in combination witii a flow monitor to adjust 
the inflow of sterile dialysis fluid going into the 



peritoneal cavity and make the inflow equal to the 
flow coming out of the cavity so that a predeter- 
mined volume of fluid in the cavity is maintained at 
all times. A pressure monitor is utilized to sense 

5 the pressure of the fluid in tiie cavity to make sure 
that the membrane is not over-distended or under- 
distended for efficient and comfortable peritoneal 
dialysis. The pressure monitor controls an 
inflow/outflow directional vahre. If tiie pressure be- 

10 comes excessive causing over-distention. tiie in- 
flow is cut-off or throttled and the outflow Is left 
opened or opened further as need be to control or 
releieve pressure. If tiie pressure drops, causing 
under-distention and convolutions, tiie directional 

15 valve throtties outflow and opens inflow as needed. 
The continuous flow of peritoneal dialysis fluid pro- 
vides a high rate of toxic metat)olfte exchange as 
the tiuid flows in a single pass through the cavity. 
In this manner, dialysis for six to eight hours ap- 

20 proximately three times a week Is sufflcient for 
peritoneal dialysis. 

The invention Is diagrammatically illustrated by 
way of example with reference to the accompany- 
ing drawings, in which:- 

25 Rgure 1 is a schematic elevation illustrating 

a continuous flow peritoneal dialysis process and 
system according to the invention in a patient im- 
plant; 

Rgure 2 Is a schematic view illustrating a 

30 continuous flow peritoneal dialysis process and 
system according to the invention; 

Rgure 3 is a schematic illustration of anottier 
embodiment of the invention; and 

Rgure 3A is a schematic illusbBtion of a still 

35 further embodiment of the invention. 

As cun^entiy practised, peritoneal dialysis is 
about one-flftii as efficient as hemodialysis in tiie 
removal of solute from the body. Previous studies 
have demonstrated that the efflciency of peritoneal 

40 dialysis can be made to approximate to that of 
hemodialysis if ttie rate of dialysate exchange is 
raised to ten ntres or more per hour. At present, 
the usual rate of exchange of peritoneal dialysis is 
approximately two litres every four hours. It is 

45 desirable therefore continuously to produce mod- 
erate quantities of sterile dialysis fluid for peritoneal 
dialysis and provide a process and system for 
passing a continuous-flow of the sterile dialysis 
fluid through the peritoneal cavity of the patient in 

50 an open-circuit. 

Referring now in more detail to the drawings, a 
patient Is illustrated at 10 having a continuous flow 
peritoneal dialysis catiieter 12 implanted in tiie 
peritoneal membrane 14 of the patient. As shown - 

55 schematically, the Implanted catiieter is connected 
to suitable tubing 16 and 18 which is then, in turn, 
connected to a continuous flow peritoneal dialysis 
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system which includes a fluid supply system A and 
a fluid defivery control system B. The fluid defivery 
control system includes a single-pass circuit 
through the peritoneaJ cavity of the patient 

The fluid supply system A includes a partide 
filter 20 to which a flow of tap water is directed. 
Water passing through the particle filter next goes 
to a revise osmosis unit 22. From the reverse 
osmosis unit the water flows through a cartxjn fifter 
24 which takes out the chlorine in the water. From 
the cartxjn filter 24 the water flows into a conven- 
tional proportioning machine 28 which takes a 34:1 
concentrate solution of non-sterlle glucose and 
electrolytes from a supply 27 and mixes it with a 
proper amount of the purified water coming from 
the cariMn filter 24. 

The dialysis solution from the proportioning 
and mixing unit 26 then passes to a micron partide 
filter 28 which separates out tiie norbdissolved par- 
ticulate matter. Qwte often the concentrate toeing 
mixed in the proportioning and mixing unit 26 in- 
cludes sdme non-dissolved particulate matter. The 
micron filter 28 is preferably a one (1) micron filter 
which has an opening suffident to remove the non- 
dissolved particulate matter. Botti the Milipore and 
Gilman Manufecturing Companies manu^cture a 
suitable micron filter. The fluid supply system A 
provides a properly mixed dialysis solution or dia- 
iysate which is non-sterile. The non-sterile fluid 
from ttie micron filter 28 is delivered to the continu- 
ous fluid delivery control system B. At the outset 
the non-sterile dialy^s solution flows through a 
bacterial fliter 30 whkch sterilizes tiie dialysis solu- 
tion. The bacterial filter 30 is a cortventional high 
volume bacterial fitter Yituth removes all the bac- 
teria to provide a sterile dialysis solution. The fluid 
then flows to a head vessel 32 which provides a 
gravity feed means for feeding tfie sterifized dia- 
lysis fluid. The proportioning and mixing unit 26 
indudes a pump which is suffident to pump the 
dialysis fluid into tiie head vessel. 

A by-pass valve 34 is connected to tiie outflow 
of the head vessel 32. The by-pass valve 34 pro- 
vides a means for controlling the fluid level in tiie 
vessel and preventing the head vessel from over- 
flowing. In the event tiiat the head vessel begins to 
overflow or contains excess sterilized fluid coming 
from the fluid supply system A, the by-pass valve 
dumps tiie excess fluid to a storage container 36. It 
has been found that it is easier to dump the dia- 
lysate rather than start and stop the proportioning 
and mixing unit 26. A level monitor 38 provides a 
means tor sensing the level of the dialysato fluid in 
the head vessel 32 and controlling the by-pass 
valve 34 in response to ttie fluid level. 



Switching means may also be provided re- 
sponsive to tiie level monitor 38 to cut off the 
proportioning and mixing unit 26 in ttie event ttiat 
the by-pass valve does not operate correctly and 

s the fluid t)acks up excessively. 

An inflow/outflow directional valve 40 is con- 
nected to the by-pass vah^e 34 for receiving sterile 
dialysis fluid from the head vessel 32. The by-pass 
valve 34 delivers dialysis fluid to ttie directional 

10 valve 40 in an amount depending on the degree to 
which fluid is being by-passed to storage container 
36. The by-pass valve 34 is controlled in a manner 
which will be more fully set fortti hereinafter to vary 
ttie amount which is delivered to the directional 

75 valve 40. The by-pass valve 34 may be a ttirottiing 
valve so ttiat it has stepless variability for by- 
passing fluid from the line to the directional valve 
40. 

An inflow line 42 (tubing 16) is connected to 

20 the directional valve 40 and to an inflow cattieter 44 
of the double peritoneal catiieter 12. The dialysis 
fluid leaves the peritoneal cavity 14 through an 
outflow cattieter 46 by way of an outflow line 48 
(tubing 18) which is controlled and goes through 

25 the directional valve 40. There is a pressure moni- 
toring means 50 connected in the outflow tine 48 
for sensing the pressure of the fluid in the line and 
in the peritoneal cavity. The pressure monitor 50 
controls ttie directional vah^e 40 to maintain a pre- 

30 determined pressure or pressure range in the peri- 
toneal cavity such that the membrane is property 
distended at all times. For this purpose, the direc- 
tional vah/e 40 is preferably a double flow valve to 
provide flows into the cattieter and out of the 

35 cattieter depending on the sensing by the pressure 
monitor 50. A separate inflow line and outflow line 
must be maintained ttirough the valve 40 to ensure 
sterilization of the inflowing dialysis fluid. A modi- 
fied singte needle hemodialysis control valve man- 

40 ufactured by Vemitron Corporation Is suitable. The 
modified valve is shown schematically in Figure 2 
induding an inflow passage 42a and outflow pas- 
sage 48a controlled by a displaceable needle valve 
43 which can be moved partially or fully to ocdude 

45 either passage in response to abdominal pressure. 
Normally such a valve is pressure controlled but 
has only a single outtet Rne. 

In the case where there is excessive pressure 
In the peritoneal cavity 14 causing the membrane 

50 to be overiy distended and excessive force to be 
exerted on the abdominal contente causing dis- 
comfort to the patient the pressure monitor 50 will 
send a signal (electtical or mechanical) to tiie valve 
40 to stop the inflow of tiie dialysis fluid while 

ss' maintaining an outflow of the dialysis fluid so that 
the pressure is relieved. In ttiis case, in ttie pre- 
ferred embodiment ttie needle 43 will occlude the 
inflow passage 42a. completely in lieu of throttfing. 
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whild the outflow passage 48d will remain open to 
reOeve pressure, tf the pressure should drop from 
that normalty desired in the cavity, causing under- 
distention of the membrane and forming of con- 
volutions In which the dialysis fluid may hide thus 
decreasing the effidertcy of the dialysis process, 
the outflow of dialysis fluid will be cut off by 
moving the needle valve 43 proportionately to oc- 
clude the passage 48 a and the inflow will be 
continued so that the pressure is increased as 
desired. In either case, once the pressure is 
brought back to a desired value, the inflow and 
outflow of the dialysis fluid will be brought back to 
being equal. The pressure rartge which Is normally 
desired in the abdominal cavity during dialysis is 
about 150 to 250cm/wator. Any conventional com- 
mercially available pressure monitor operable In 
this range Is suitable tor the pressure monitor 50. 
The control of the valve 40 in response to pressure 
may be effected by any suitable means as is well 
within the purview of one skilled In the art For 
example, electrical control may be effected with a 
single Integrated circuit receiving the pressure sig- 
nals and electrically controlling the needle valve 43. 

A flow monitor 54 Is inserted in an outflow line 
52 which goes from the directional valve 40 to the 
storage tank 36. The flow monitor 54 monitors the 
outflow and adjusts the flow through the by-pass 
valve 34 to the directional valve 40 so that the 
inflow provided by the by-pass valve 34 to the 
directional valve 40. is the same as the outflow 
from the peritoneal catheter. When the directional 
valve 40 is in its normal setting, with the needle 
valve 43 in its neutral position, any change in the 
amount by-passed to the storage tank 36 by the 
valve 34 as controlled by the monitor 54 wil di- 
rectly influence the amount delivered through the 
inflow passage 42a. Hence, should the outflow 
drop, for example, tfie valve 34 will be opened to 
by-pass more fluid and hence deliver less to the 
valve 40 thus matohing the Inflow to the decreased 
outflow. At the same time, the pressure monitor 50 
keeps check on the pressure Inside the peritoneal 
cavity. The flow monitor 54 may be any suitable 
sensor such as an uttrasortic flow monitor which Is 
conventionally used. 

The valve 40, as controlled by the pressure 
monitor 50, and the valve 34, as controlled by the 
flow monitor 54, provide flow control means for 
ensuring the proper volume and pressure of dia- 
lysis fluid in the peritoneal cavity, ^k»rmally, the 
needle valve 43 will be in its neutral position and 
the flow monitor will act to control the inflow in 
response to outflow by diverting fluid through the 
valve 34 instead of through the valve 40. However. 
If in so regulating the inflow to equal outflow, the 
above pressure limits are exceeded, the monitor 50 



can effect relief by controlling the valve 40 as 
described above, the head vessel monitor 38 is 
Independent of the pressure and flow regulating 
system. 

5 The directional valve 40 coukJ also be a throt- 
tling valve instead of an on/off valve. In such a 
case, control of the by-pass valve 34 may not be 
necessary. 

The inflow line 42 and the outflow line 48 are 
70 connected to the inflow catheter 44 and the outflow 
catheter 46 by conventional means. This connec- 
tion is made at the t)eginning of dialysis and dis- 
connected at thd end in a conventional manner. 
A drain pump 56 drains the dialysis fluid in the 
75 drain storage container 36 whenever a high level is 
reached. The fluid is drained into a drain 58 where 
it Is drained away. For this purpose, there is a fluid 
level detector 60 provided which controls the op- 
eration of the pump 56. The aforedescribed drain 
20 apparatus provides a disposal means for the dia- 
lysis fluid which completes the open, single-pass 
circuit. 

The pressure monitor 50 provides a means tor 
sensing the pressure in the abdomen of the patient 

25 The abdomen has a particular pressure, for exam- 
ple, at two litres, that Is comfortable. If, for exam- 
ple, one litre is accumulated in the abdominal area, 
the inner atxiominal area is caused to expand by 
fifty percent and this results In a targe degree of 

30 discomfort to the patient In the event the patient 
becomes overdistonded. the pressure monitor will 
sense a decrease In pressure. In this event, the 
pressure monitor will control the valve 40 which 
allows additional fluid to enter the cavity to bring 

35 the pressure back up to nonnal. In the event that 
the cavity becomes underdistended. the pressure 
will increase in pressure to cause the fluid to cut 
down the inflow and let the outflow of fluid continue 
until the pressure has stabilized. 

40 Thus it can be seen that the Invention can 
provide a highly advantageous process and system 
for continuous flow peritoneal dialysis where a 
single-open circuit is provided through the patient* s 
peritoneal cavity. A sterilized peritoneal dialysis 

46 fluid is provided which is delivered through the 
cavity in such a manner that the volume and pres- 
sure of the fluid are controlled so that proper 
distention of the memtnrane occurs for patient com- 
fort and dialysis efficiency. The high rate of fluid 

60 flow through the peritoneal cavity is advantageous 
in that the high rate of circulation increases dialysis 
efficiency. 

Pumping, and ite inherent problems, through 
the cavity is eliminated by a gravity feed system 
55 and a drainage tank. By providing a single pass 
circuit no recirculation of tiie dialysis fluid through 
the membrane occurs reducing any likelihood of 
residual toxins being recirculated through the peri- 
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toneaJ cavity. By momtoring the outftow of the 
dialysis fluid from the pentoneal cavity ami pres- 
sure therein, the membrane is spread out to an 
efficient condition during dialysis so that no pock- 
ets or other hiding places for fluid are formed to 
cut down on the efficiency of the dialysis process. 

It is understood that the Gne from the bacterial 
filter 30 to the head vessel 32 will be a disposable 
presteriBzed fine of tubing. The head vessel 32 will 
be provided with a sterilized Oner which is dispos- 
able and connected to prestenTized tubing which 
connects the interior of the finer to the by-pass 
valve 34. In practice, the by-pass valve 34 wHI have 
three legs of disposable tubing In a Y-shape. The 
lower Y-leg of the djsposat)ie valve will be con- 
nected to the disposal storage tank 36. The ac- 
tuator of the valve 34 will be external of the stenl- 
ized valve passages and will act upon the Y-ieg of 
the valve passages leading to the disposal tank 36 
to occlude the passage more or less in order to 
divert more or less fluid from the inflow/outftow 
(firectional vah^e 40. The inflow/outflow directwnal 
valve 40 will be a unit where the vaWe element 43 
is external of tutwng which passes through the 
passages 42a and 48a. The fluid passing through 
the tubing goes through the valve passages out of 
contact with any part of the valve so that the valve 
never has to be sterifized rtself. Likewise, the tub- 
ing going through the valve passage 42a and con- 
nected to the inflow catheter 44 will be deposable. 
The tubing 48 coming from the outflow caOieter 46 
and through the outflow passage 48a will likewise 
be presteriOzed and disposable as" well as the 
outflow line 52. The pressure monitor 50 will prefer- 
ably be designed to accept a length of presterillzed 
tubing and sense the pressure of the fluid In the 
tubing without actually making contact with the fluid 
so that the pressure monitor may be interchanged 
with disposable tubing. The flow monitor 54 being 
of an ultrasonic type flow monitor likewise accepts 
a length of tubing through the flow monitor and will 
not ever contact the fluid. In practice, the entire set 
of tubing from the bacterial filter 30, through the 
head vessel 32, and Including its liner, the tubing 
from the head vessel 32 to the valve 34 and 
including its "Y* tubing passages, and the remain- 
der of the tubing passing through the vah^e 40, and 
to the catheter 12 will be a prefonmed preglued and 
presterilized unit A separate preformed presterillz- 
ed and preconnected section of disposable tubing 
will include tiie tubing connected to the outflow 
catheter 46 passing through the flow monitor 50, 
the outflow passage 48a of the valve 40. and ihe 
flow monitor 54, and pr^ided with a terminal con- 
nector which may be connected in the disposal 
tank 36. This will avoid the expense and time of 
cleaning and sterilizing valves, monitors, and fit- 
tings. 



Rgure 3 niustrates an alternate embodiment 
wherein means for maintaining a prescnl)ed voK 
ume of fluid In the peritoneal cavity is provided by 
fluid volume monitors, rather than fluid pressure 
5 monitors as illustrated in Rgure 2, which sense a 
function of tiie volume of fluid in the cavity and 
control volume in accordance witii differential flow 
in and out of the cavity. 

In the process and system of Rgure 3. there Is 

10 an ultrasonic flow monitor 61 disposed in tiie infeed 
Gne 42 for monitoring tiie flow of fluid in tiie inflow 
catheter 44. A second ultrasonic flow monitor 63 is 
disposed in the outflow line 48 connected to the 
outflow caflieter 46. The outflow drainline 52 flows 

T5 from the flow monitor 63 to the drain tank 36. 
There is a conventional two-^way flow control vah^ 
64 connected in the outflow drainline 52. A second 
conventional control valve 68 is disposed in the 
infeed line 42 upstream of tiie flow monitor 61. The 

20 monitors 61 and 63 tiius sense a function of tiie 
volume of fluid in tiie cavity. 

The control vah^ 64 and 68 may be con- 
trolled by any suitable process controller 66 in a 
conventional manner as Is well witiiin tiie skill of 

25 one In the art There is an ultrasonic ^nsor 62 for 
sensing the level of fluid and hence the distenston 
of the peritoneal cavity 14. The sensor 62 provides 
a second means for monitoring fluid volume, in 
particular dangerous levels of fluid volume. There 

30 Is an alarm 67 connected to the controller 66. In 
the event that the volume of fluid level shouW 
increase to tiie dangerous amount, an audible 
alarm is emitted. 

In use, the flow monitor 61 senses tiie amount 

35 of fluid flowing into the peritoneal cavity 14, and 
the outflow monitor 63 senses the amount of out- 
flow fluid leaving tiie peritoneal cavity 14. These 
amounts are fed to tiie controller 66. The controller 
66 compares the amounts of fluid flowing in the 

40 respective flow monitors and controls the valves 
64, 68 to maintain a prescribed volume of fluid in 
the peritoneal cavity during dialysis. The pre- 
scnl3ed amount, of course, can k>e varied in a 
conventional manner by Input to the controller. The 

45 prescribed volume of fluid maintained in tiie perito- 
neal cavity 14 keeps the peritoneal cavity properly 
distended during dialysis. If tiie difference in flow 
between the flow monitors 61 and 63 Indicates that 
the volume of fluid In the peritoneal cavity 14 is 

so below tiie prescribed amount tiie valve 64 will be 
ctosed. If the difference in volumetric flows be- 
tween the flow monitors 61 and 63 indicates tiiat 
too much fluid is being delivered to the peritoneal 
cavity 14. ttie vah^e 68 will be cut off. It is also 

55 possible that tiirottiing vah/es may be utilized at 68 
and 64 to control the flow in a more continuous 
manner. 
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The ultrasonic level monitor 62 is disposed 
appropriately in the peritoneal cavity 14. If the 
volume of fluid in peritoneal ca^ 14 should drop 
below the prescribed volume as sensed by the 
monitor 62, the controller 66 closes off the valve 64 
to build up the volume of fluid in the peritoneal 
cavity 14. If the ultrasonic monitor 62 senses too 
large an amount of dialysis fluid in the peritoneal 
cavity 14, the alanm circuit 67 is triggered to pro- 
duce an audible alarm and the valve 68 is closed 
to prevent any further fluid delivery. In the modified 
embodiment descmbed above, the head ves^l 
monitor 38 operates as described previously to 
control the valve 34 in a manner such that the level 
of fluid in the vessel 32 is maintained at a desired 
level. 

Figure 3A illustrates a still further embodiment 
of the invention wherein a single catheter 70 is 
utilized in place of the double catheter illustrated in 
Rgures 2 and 3 in a continuous cyclic flow. The 
Inflow line 42 coming from the flow monitor 61 
enters an inflow passage 42a of a directional valve 
69. The directional valve 69 may be identical to the 
directional valve 40 illustrated in Figure 2. The 
Inflow passage 42 a is connected to an outflow 
passage 72 which is connected directly to the 
catheter 70. There Is a parallel line 72a which is 
connected to the passage 72 and to an outflow 
passage 48a of the directional valve 69. A needle 
69a of the directional vafve 69 may t>e used to 
occlude and close either the passage 42a or the 
passage 48a selectively. The remaining system is 
essentially tfie same as Figure 3 except that the 
valve 64 in Rgure 3 is no longer needed since the 
directional valve 69 controls the outflow from the 
catheter 70 through the outflow passage 48a. 

In operation, the inflow and outflow from the 
peritoneal cavity 14 will both feed through the 
catheter -70. The directional valve 69 will control the 
inflow and outflow from the catheter by closing one 
passage while opening the other. The directional 
valve 69 will be controlled by a controller 66 which 
may be a conventional microprocessor. The flow 
monitors 61 and 63 have Inputs connected to the 
controller 66. when a prescribed amount of fluid 
has flowed into tiie peritoneal cavity and abdomen, 
as sensed by the flow monitor 61, the directional 
valve 69 will be controlled to close tiie inflow 
passag 42a and open the outflow passage 48a. 
When tiie prescribed amount of fluid has flow^ 
out of the abdomen, as sensed by the flow monitor 
63, the directional vahre 69 will be controlled to 
close ttte outflow passage 48a and open the inflow 
passage 42a. In tiiis continuous but cyclic manner, 
the dialysis fluid from the continuous source A, as 
defivered to the head vessel 32, will be delivered 
through the catheter 70. Sufficient time will exist for 
the dialysis fluid in tiie peritoneal cavity to remove 



the water soluble metabolites. The flow will be 
continuous and cycGc through the single-pass open 
drcult from the head vessel 32. to peritoneal cavity 
14. and to disposal 36. 
5 In tills way. ttiere is no extended dwell time of 
the dialysis fluid in the peritoneal cavity as is 
occasioned by tiie prior "batch" metiiods. There is 
always a flow taking place eitiier into or out of the 
peritoneal cavity. 

10 

Claims 

1. A continuous flow peritoneal dialysis process 

75 comprising: 

providing a source (32) of sterilized dialysis fluid; 
providing an inflow line (42) for connection to a 
cattiether (12, 70) for implantation into tiie perito- 
neal cavity (14) of a patient 

20 providing an outflow line (48) for connection to the 
catheter; and 

delivering a flow of sterilized dialysis fluid from the 

source (32) to tiie inflow line (42); 

characterised by monitoring a function of the vol- 

25 ume of tiie said sterile dialysis fluid in the perito- 
neal cavity and controlling the inflow and outflow of 
the sterilized dialysis fluid so that a desired volume 
exists in the cavity (14) in a manner such tiiat a 
proper amount of fluid is maintained during dia- 

30 lysis; and 

delivering the outflow of sterilized dialysis fluid to a 
disposal means (36) so that a single flow of. dialysis 
fluid is provided tiirough the peritoneal cavity (14) 
of the patient 

35 2. A process according to claim 1. including 
providing a double catiieter (12) having an inflow 
cattieter (44) connected to tiie inflow line (42) and 
an outflow cattieter (46) connected to tiie outflow 
line (48) implanted in tiie peritoneal cavity: and 

40 providing a valve means (40, 68, 64) for controlling 
the flow of dialysis fluid in tiie inflow (42) and 
outflow (48). 

3. A process according to claim 2, including 
providing the valve means (40. 68. 64) in the form 

45 of an inflow valve in the inflow line and an outflow 
valve in the outflow line for controlling tiie inflow 
and outflow of the dialysis fluid from tiie peritoneal 
cavity; and 

(providing a flow monitor (61. 63) in each of the 
50 inflow and tiie outflow line to monitor the function 
of tiie volume for controlling the inflow and outflow 
valve to maintain ttie desired volume of dialysis 
fluid in tiie cavity for proper cavity distension. 

4. A process according to claim 2. including 
55 monitoring tiie amount of the dialysis fluid in the 

peritoneal cavity for controlling the vaJve means 
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and providing an alanm signal (67) in response to 
the amount of fluid exceeding a prescribed level to 
avoid over distension of the cavity. 

5. A process accordirtg to daim 2, wherein 
monitoring a function of the volume of dialysis fluid 
in the peritoneal cavity includes monitoring the 
pressure of the sterile dialysis fluid in the perito- 
neal cavity and controlling the inflow and outflow of 
the sterilized dialysis fluid so that a desired pres- 
sure is maintained in ttie cavity. 

6. A process acocrding to daim 1, wherein 
mortitoring a function of the volume of dialysis fluid 
In the peritoneal cavity indudes providing a flow 
monitor in each of the inflow and outflow lines and 
controlling the inflow and outflow of sterilized dia- 
lysis fluid so that a desired volume of fluid exists in 
said peritoneal cavity. 

7. A process according to daim 1, induding 
controlling the flow of dialysis fluid in the inflow and 
outflow lines so that dial^s fluid flows in and then 
out of the peritoneal cavity in a continuous cyclic 
manner. 

8. A process according to daim 1. wherein the 
provision of the sources of sterilized dialy^ fluid 
indudes providing a head vessel (32) for containing 
the dialysis fluid, and maintaining the level of the 
sterilized dialysis fluid in the head vessel by de- 
livering fluid to the disposal means (36) when the 
level reaches a certain height 

9. A process to daim 2. wherein the valve 
means is provided by an inflow/outflow directional 
vah^e (69) for controlling the inflow and outflow of 
the dialysis fluid from sad peritoneal cavity; and 
providing a monitor In the outflow line for oontrol- 
Gng the inflow/outflow directiorial valve responsive 
to the pressure in the peritoneal cavity. 

10. A process according to claim 5, including 
monitoring the outflow of the dialysis fluid from the 
peritoneal cavity and controlling the inflow of diayl- 
sis fluid into the peritonea! cavity in response 
thereto to make the inflow and outflow equal. 

11. A process according to daim 1. Induding 
providing a valve means (68. 64. 69) in the inflow 
and outflow lines for selectWely controlling the In- 
flow and .outflow of dialysis fluid; and 

providing a first flow monitor (61) In the inflow line 
and a second flow monitor (!S3) in the outflow fine 
for controlling the valve means (68. 64. 69) and 
flow of dialysis fluid in the inflow and outflow line. 

12. A process according to daim 11. induding 
controlling the valve means in a cyclic martner so 
that stenHzed dialysis fluid is defivered Into said 
peritoneal cavity and then out of said cavity in 
continuous cydes tivough the single pass drcuit 

13. A process according to daim 12, including 
dosing the outflow fine when dialysis fluid is flow- 
ing Into the peritoneal cavity and dosing the inflow 
One while the fluid is flowing out of the cavity. 



14. A continuous flow peritoneal dialysis sys- 
tem comprising: 

a source (32) of sterile dialysis fluid: 
an inflow line (42) for connection to the source 
5 (32) and to a peritoneal catheter (12. 70) implanted 
in the peritoneal cavity (14) of a patient: and 
' an outflow fine (48) for connection to the peritoneal 
catheter (12. 70): 

characterised by valve means (40. 68, 64, 69) for 

to controIGng the flow of dialysis fluid in the inflow and 
outflow fines thereby to control the volume of dia- 
lysis fluid in the peritoneal cavity; 
disposal means' (36) connected to the outflow line 
for disposing of the outflow of dialysis fluid and 

75 establishign a single-pass open circuit through the 
peritoneal cavity for dialysis; 
flow monitoring means (61. 63) for sensing a func- 
tion of the volume and amount of dialysis fluid in 
the peritoneal cavity; and 

20 control means controlfing the valve means in re- 
sponse to the flow monitoring means so that flow of 
the dialysis fluid through the peritoneal cavity is 
controlled in a manner that a desired amount of 
fluid exists in the peritoneal cavity for proper dia- 

25 lysis. 

15. A system according to claim 14, wherein 
the peritoneal catheter indudes a double catheter 
(12) having an inflow catheter (44) connected to the 
inflow fine (42) and an outflow catheter (46) con- 
so nected to the outflow line (48). 

16. A system according to claim 15, wherein 
the flow monitoring means comprises: 

pressure monitoring means (50) in t^ie outflow fine 
(48) for sensing the pressure of dialysis fluid in the 

3S peritoneal cavity: 

the control means controls the valve means (40) in 
response to the pressure monitoring means so that 
flow of the dialysis fluid through the peritonea! 
cavity is controlled to maintain a desired pressure 

40 of fluid in the cavity. 

17. A system according to claim 15. induding 
a bypass valve (34) connected between the source 
(32) and flte valve means (40) and between the 
source (32) and the disposal means (36). and 

45 means controlling the bypass valve (34) to adjust 
the flow of sterile dialysis fluid defivered to the 
valve mearis (40). 

18. A system according to daim 15. wherein 
the flow monitor means includes a monitor (54) for 

50 sensing the outflow of dialysis fluid from the out- 
flow catheter (48) and controlling the valve means 
(40) so that the inflow and outflow of dialysis fluid 
are equal. 

19. A system according to daim 15. wherein 
55 the flow monitor means includes a flow monitor (61 , 

63) in each of the inflow (42) and outflow (48) lines 
for sensing the flow through the peritoneal cavity 
and the control means controls the valve means 
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(68. 64) and the inflow and outflow of dialysis fluid 
to maintain a desired volume of fluid in the perito- 
neal cavity. 

20. A system according to claim 15. wherein 
the valve means includes: an inflow/outflow valve 
(40) having an inflow passage (42a) connected to 
the inflow line and an outflow parage (48a) con- 
nected to the outflow line (48); 

a valve element (43) for selectively occluding either 
said inflow passage (42a) or the outflow passage 
(48a); and 

the flow monitoring means comprises a presume 
monitor (50) for sensing the fluid pressure in the 
peritoneal cavity and controlling tiie Inflow/outflow 
valve to occlude either the inflow (42a) or the 
outflow (48 a) passage to regulate the pressure In 
the peritoneal cavity within a desired range. 

21. A system according to claim 20. wherein 
the flow control means further includes a flow mon- 
itor (54) for monitoring the outflow of the dialysis 
fluid from the inflow/outflow valve (40) and control- 
ling the inflow of dialysis to the valve (40) when 
t)Oth the inflow and outflow passages are open so 
that the inflow of the dialysis fluid delivered through 
the valve to the peritoneal cavity and the outflow of 
dialysis fluid from the cavity are equal. 

22. A system according to claim 15, wherein: 
the source Includes a head vessel (32) In which the 
sterilized dialysis fluid is stored: 

a bypass valve (34) is connected between the head 
vessel (32) and the valve means (40); 
a drain line connects the bypass valve (34) to a 
disposal means (36); and 

flow level sensing means (38) communicate with an 
interior of the head vessel (32) and control the by 
pass valve (34) to bypass the dialysis fluid from the 
head vessel (32) to the disposal means (36) should 
the level of the dialysis fluid reach a predetermined 
height in the head vessel (36). 

23. A system according to claim 14. including 
fluid level sensing means (62) for sensing the 
amount of dialysis fluid in the cavity and producing 
an alarm signal (67) in the event overfilling and 
overdistension of the cavity occurs. 

24. A system according to claim 14, wherein 
the inflow Ones and outflow lines are connected to 
the valve means (69); and the valve means (69) 
selectively opens and closes the inflow and outflow 
lines to deliver a prescribed amount of dialysis fluid 
through the peritoneal cavity in a continuous cyclic 
manner. 

25. A system according to claim 14, wherein 
the valve means includes: 

an inflow/outflow valve (69) having an inflow pas- 
sage (42a) connected to the inflow line (42) and an 
outflow passage (48a) connected to the outflow line 
(72): 

a valve element (69a) for selectively occluding ei- 



ther the inflow passage or the outflow passage; and 
the flow monitoring means comprises a flow moni- 
tor (61, 63) in each of the inflow and outflow lines 
for sensing the fluid flow in the flow lines and 

5 controlling tiie inflow/outflow valve (69) to occlude 
either the inflow or the outflow passage in a man- 
ner tiiat a prescrit)ed amount of dialysis fluid is 
delivered into the peritoneal cavity and then re- 
moved through the outflow passage (72) and line 

10 (48a) in a continuous cyclic manner. 
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